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POSSIBLE EXISTENCE OF SPIN-0 W' AND SOME OF ITS EXPERIMENTAL CONSEQUENCES*
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The theoretical possibility that there may exist charged spin-0 vieak intermediate bos-
ons, in addition to the usual spin-1 intermediate bosons, is discussed. Some of its ex-
perimental consequences are analyzed.

O', '- 8' '+y —hadrons+y (2)

can occur. As we shall see, in general, the usu-
al minimal electromagnetic interaction would re-
quire the transition rate of (2) to be simply pro-
portional to the fine structure constant e. Thus,
if the mass difference nz] fop is not too small,
(2) could become the dominant decay mode of the
spin-1 intermediate boson.

In such cases, searches for weak intermediate
bosons based on lepton detections become rela-
tively ineffective, especially if these intermedi-
ate boson masses are in the range of several
GeV. In order to observe Wo' (or W, '), one may
consider, for example,

v„+p- p, +p+ ~~'- p +p+hadrons (+y). (3)

The existence of %'~' may be detected by search-
ing for possible threshold effects in the initial

In several different recent attempts" to re-
duce divergences contained in the weak-inter-
mediate-boson theory, one is led to theoretical
models in which, in addition to the usual charged
spin-1 bosons W, ', there should also exist charged
spin-0 bosons 8'p'. We note that in all such mod-
els the masses of spin-0 and spin-1 bosons are
independent parameters. If, among these mass-
es, the lowest one is of spin 1, then, as is well
known, its decay into leptons offers a particular-
ly useful tool in the experimental search for in-
termediate bosons. However, if the intermediate
boson with the lowest mass is of spin 0, then, at
least for a range of boson masses, an effective
way to search for these bosons might be through
their nonleptonic decay modes, rather than
through their leptonic decay modes.

Let rn~be the mass of a charged spin-J inter-
mediate boson 8'~'. In all these models, for J
=0, if one neglects charged lepton masses as
compared with I„ then

W, 'Pl'+v, (or v, ),

and therefore the hadronic decay modes of lVp'

become the dominant ones. Furthermore, if m,
&neap, the y transition

neutrino energy, or by analyzing the invariant-
mass distributions of various hadron channels,
or (in the case of J =1) by measuring the y-ener-
gy distribution. The same methods can, of
course, also be applied to other production pro-
cesses of W~'.

If one assumes that W, ' is coupled to the diver-
gence of the usual SU(3) octet hadron current, '
then the isospin selection rule

)~l ~=-.' and1

should be valid for the hadronic decay modes of
Wp'; in addition, because of the conserved vec-
tor current hypothesis, ' the ~b, I ~

=1 decays of
Wp' can lead only to final hadron states of parity
-1. Thus, in the absence of the electromagnetic
interaction, one expects

W, 'P ~'+w'

W, 'g w'+ rl'.

Other hadron decay modes such as Kn, 3n, KKx,
etc. , are, of course, allowed.

In the following, we shall briefly review vari-
ous theoretical models that require the existence
of W, '. These models are (i) a, renormalizable
weak-intermediate-boson theory, (ii) a finite
weak-intermediate-boson theory, and (iii) the the-
ory of Gell-Mann, Goldberger, Kroll, and Low.

(i) We first discuss the case of a simple renor-
malizable weak-interaction boson theory. The
Lagrangian density for the semiweak interaction
is given by

&(x) =g[Jq"(x) + Jq '(x) ]W z(x) + adj oint,

where J~"(x) is the hadron current; J'„'(x) is the
lepton current, related to the charged-lepton
field g, and the neutrino field g„, by

J.'(x) = Z t0, '(x)y,y.(1+y.)4., (x);
l =e, p

and W~(x) is a local field operator which is as-
sumed to have no strong interaction. All present-
ly observed weak transitions are second order in
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g, transmitted by the covariant W propagator

D (k') =n (a', + o,)M 'dM
Pv uv J k2+M2+kqkv

where all integrals are assumed to be convergent, and the integration extends from a positive definite
lower limit to infinity. In order that the theory may correspond to a renormalizable one, we require

f(cr, +o,)M 'dM =0. (10)

The simplest solution is

v, =+5(M-m, )

o, =+(m, /m, )'n(M-m, );

therefore,

k„k„1 1
Pu( ) k2 2 2 k2+ 2 k2~m 2+m, rn, 1 0

(12)

which corresponds to a charged spin-1 boson ~,' of mass m, and a charged spin-0 boson 8'0' of mass
m, . These two bosons are of opposite metric. The upper signs in (11) and (12) imply that W,

" is of
positive metric and W,

' of negative metric, and the lower signs imply the opposite. The Fermi con-
stant G is related to g' by

+g'/m, ' = g/v 2,

where

G—=10 '/m' (14)

In order that the electromagnetic interaction of these charged intermediate bosons also be renormal-
izable, we assume that the same IV propagator (12) should appear in all Feynman diagrams involving
electromagnetic interactions as well as weak interactions. Let the three-point vertex for W,-W'„+y
be [Vz(k', k) ]„„where X, p, and v denote the appropriate space-time indices, and k and k' are, re-
spectively, the four-momenta of the initial W, and the final W„. Because of current conservation,
[Vz(k', k)]„„must satisfy the Ward identity

D„„'(k') D„, '(k)-=e '(k'-k)~(V„)„„
where, on account of (12),

D„„'(k)=+[5„„(k +m, )-m (m -m, )k„k„].
For simplicity, we assume charge-conjugation invariance and space-time reversal invariance for the
electromagnetic interaction; therefore,

[Vq(k', k)]„„=—[Vq(-k, -k') ]„„=[Vq(k, k') ]„,~
Furthermore, in accordance with the principle of minimal electromagnetic interaction, [V~(k, k')]»
is assumed to be a linear function of k and k'. Thus, one finds

[Vz(k', k)]&, +e(5»(k+—-k') z+ [(m, /mo)2+v][5&&k~+5»k&']-(1+v)[5&&k„'+5»k&]),

where K is a constant related to the magnetic moment M of the charged spin-1 boson 8",' by

M = (e/2m, ) (1+~)(spin).

(18)

Formally, the theory is identical to the $ formalism' of the charged vector-boson theory, where $ is
related to the two boson masses by

2JBQ

2
$

1
(20)

In the present case, $ is always &0. By using the above vertex [Vz(k', k)]&„, one can easily evaluate
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the y-transition rate of Reaction (2). For m, &m„one finds

width(W, '- WQ'y) = ~nq(q/m, )'(1-K), (21)

(22)

which is only -V /z if one sets arbitrarily m, = 5 GeV, m, = ~», and v =0.
The neutrino production rate for &,' can be calculated in the same way as that' for 8', '. Here, we

give only the differential cross section for the neutrino reaction

vp +Z jL +Z ++ TVD

L. hadrons

where a —=(13V) ' and q=(2m, ) '(m, '-m, ') is the y energy in the rest system of W, '. The ratio of the
partial widths W, '-l'v and W, '- W, 'y is given by (l=e or p)

width( i - l' v) 2~~( ) 1(1 )
-2 I m0 2

width (W, '- W, 'y) m,

in the limit of zero muon mass, where Z denotes a target proton or nucleus, and Z is its final state.
We find

da(Reaction (23))=(4w') 'g cz'~T~'d'pd'q5(E„+E~+E~ ~ -E~-E„),
where'

&=q '[m, '-2(v u)] 'E~ '"m, '((I-K)[(q W)(j v)-(q j)(W.v)]+q'(v j)], (25)

the four-momenta of v„, p, , and W,
' are denot-

ed, respectively, by v, p. , and W, the four-mo-
mentum transfer to the target is

and the fourth components of v, p. , 8', and q are,
respectively, lE„=iIu[, lE„=zg[, zE~ =z[W
+m, ']'", and z(E~. E~). The Fou—rier trans-
form of the four-current (in unit e) of the target
nucleus is denoted by v; e.g., for a coherent pro-
cess in which the target nucleus recoils as a
whole, we may take, in the system q, =0 (which

is, to a very good approximation, the same as
the laboratory system),

v = 0 and v, = iZE ~(q'),

here Z is the nuclear charge and Ez(0) =1.
Clearly, in general v-q=0. The four-vector j is
defined to be

cross section for arbitrary kinematic configura-
tions of v, p. , and q. In particular, in the for-
ward direction, v

~~ lz ~[q, and for the coherent
production process of a heavy target nucleus of
charge Z, (25) becomes simply

T =2iE~ '"m, 'zZE~(q'), (2V)

which would vanish if ~ happens to be zero.
(ii) In order to have a finite weak-intermediate-

boson theory, we must require D „„(k')—O(k ')
as k'- ~. Therefore, in addition to (10), the
spectral functions 0, and a, in the W propagator
shouM satisfy

fa,dM'= fa, dM'=0. (28)

In place of (13), the coupling constant g' is relat-
ed to Gby

g fM 'a,dM'=G/W2. (29)

j~ =~„y.y~(1+y, )M. ,

where M„and u „are the appropriate Dirac spin-
ors, normalized so that M „~u„=u,tu„=1. In the
limit of zero muon mass and if thee and x axes
are chosen to be parallel to v- p and p, &&v, re-
spectively, then jz is given by

The simplest solution of (28) is

a, =+[V(M-m, )-n(M-m, )]

a, =+zan[5(M-m, )-&(M-m, )], (30)

j„=2 sin28, j,= —2i sin(y+ ~8),

j,= 2i co(ys--+)2,8j,=z(E„-E„) ~v-p~ j„(26).
where

8 =&(v, u) and V =~(v, v u)-
Equations (24)-(26) give the explicit differential

which corresponds to two spin-1 bosons of oppo-
site metric and two spin-0 bosons of opposite
metric. Furthermore, because of (10), one finds

zl=[, '-(m, ') ']/[m, '-(, ') '].
The coupling constant g is now given by

+g [m, —(m, ') ]= G/~2.
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Except for some straightforward changes due to
the presence of more parameters, identical argu-
ments given in the preceding section are applica-
ble to the present case.

(iii) In the weak-interaction theory of Gell-
Mann et al. , in contrast to the previous two cas-
es, the metric is positive definite. The infinities
contained in high-order weak-interaction pro-
cesses can be reduced only in the so-called "off-
diagonal" channels by introducing a set of changed
spin-0 bosons. The resulting theory is, howev-
er, not a renormalizable one. Two explicit mod-
els were given in their paper, and in both mod-
els, there are quadratic expressions in the (free)
Lagrangian which contain derivative couplings
between these charged spin-0 and spin-1 boson
fields. The minimal electromagnetic interaction
can be obtained, as usual, by replacing 8/8x„by
8/Bx „-ieA„ in these explicit Lagrangians. It is
easy to see that this would lead, in general, to a
direct y-transition matrix element between these
charged spin-0 and spin-1 bosons. By using this
minimal electromagnetic interaction, one can de-
rive results similar to Eqs. (21) and (24). So far
as detection of W~' is concerned, the experimen-
tal consequences of this case are essentially
identical to those given for the two previous cases.

I wish to thank N. H. Christ for helpful discus-
sions.

)Research supported in part by the U. S. Atomic En-
ergy Commission.

T. D. Lee and G. C. Wick, Nucl. Phys. B9, 209
(1969); T. D. Lee, in Proceedings of the ToPical Con-

ference on Weak Interactions, 1969, edited by J. S.
Bell (CERN Scientific Information Service, Geneva,
Switzerland, 1969), p. 427.

2M. Gell-Mann, M. L. Goldberger, N. M. Kroll, and
F. E. Low, Phys. Rev. 179, 1518 (1968).

N. Cabibbo, Phys. Lett. 10, 513 (1963).
R. P. Feynman and M. Gell-Mann, Phys. Rev. 109,

193 (1958).
T. D. Lee and C. N. Yang, Phys. Rev. 128, 885

(1962}.
T. D. Lee, P. Markstein, and C. N. Yang, Phys.

Rev. Lett. 7, 429 (1961); J. S. Bell and M. Veltman,
Phys. Lett. 5, 94 (1963); A. C. T. Wu, C.-P. Yang,
K. Fuchel, and S. Heller, Phys. Rev. Lett. 12, 57
(1964); R. W. Brown, A. K. Mann, and J. Smith, Phys.
Rev. Lett. 25, 257 (1970). The existence of W0 would,
in principle, cause some slight modifications in these
published production cross sections of %'& . However,
all such modifications vanish in the limit of zero lepton
mass.

The scalar product between any two four-vectors
A and I3 is A B=X B+A4I34 ——A 8- AOBO,
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